Abstract -The global construction industry is predicted to grow rapidly over the next decades by developing globalization, urbanization, and infrastructure renewal. Global Construction 2020 forecasts that China, USA, India, Japan, and Canada will have the most contribution to construction development. Sustainability analyses (analysis of environmental, economic, and social) of construction sectors are highlighted by increasing trend in this industry.
I. INTRODUCTION
Sustainable development become a fundamental issue for countries in today's ever-changing world. Researches provide different definitions for sustainable development. However, the most comprehensive one is defined by a report in Bruntland Commission in 1987 which states that sustainable development is dealing with the today's needs in a way that it will not impact negatively impact the ability of future generation to meet their needs as well [1] . The importance of "Green Economy" is increasing in world growing economies alongside of sustainable development. By reducing environmental pollution and ecological problems, economic welfare and social wellbeing will be increased [2] . In other words, sustainable development leads to environmental development and as a consequent improves the social welfare by increasing in the rate of employment and income, reducing environmental pollution and greenhouse gas emissions, and improving the protection of ecological balance and efficiency of energy and resources. Sustainable development and green economy were introduced by John Elkington for the first time in 1997 with the term of triple-bottom-line, which means sustainable development improves the environmental, economic, and social dimensions simultaneously [3] . Construction sector is one of the major industries of the countries' economy throughout the world that results in a rise in gross domestic product (GDP) [4] - [6] . Construction will be one of the most dynamic industrial sectors at the heart of global economic growth, leading to the evolution of societies around the world in the following decades. The average construction growth is going to be 67% worldwide by 2020, 5.2% growth per year [7] . China, USA, India, Japan, and Canada are predicted to have strong contributions to construction growth in 2020 [7] . China and India are the leading countries in this growth. Increase in population size is the main reason, which gives rise to USA and Canada construction market. Japan will have the slowest growing rate in construction development but it will still be one of the main regions with high contribution to this industry [7] .
In this context, it important to analyze the environmental, economic and social impacts of construction sectors for these five leading countries both in the supply chain and inside the sector itself [8] , [9] . This research aims to evaluate the environmental impacts of construction sectors of world major construction markets; China, USA, India, Japan, and Canada. This research determines the parts in which environmental impacts are more intense both in the supply chain and inside the sector itself with the aim of improving the environmental efficiency of the construction sector. This sustainability analyses and similar researches by monitoring the direct and indirect effects of the national and global environmental impacts, guide decision makers in sustainable development policies.
Global climate change is one of the significant results of human being's unsustainable manner [10] . Global climate changes lead to many challenges related to natural environment, agriculture, water supplies, transportation systems, and more specifically human health and safety [11] - [13] . Greenhouse Gases (GHGs), especially Carbon dioxide (CO 2 ), are the main factor responsible for climate change. Thus, in sustainability analysis, the environmental effects among the sustainability impacts need to be analyzed in a comprehensive way. Life Cycle Assessment (LCA) is a practical method for sustainability assessment [14] , [15] . LCA is widely used for evaluating the ecological implications of products or systems considering their entire life cycle [16] - [20] . Although this traditional Life Cycle Analysis has been used in many researches, it has been rapidly transformed into the 'Life Cycle Sustainability Analysis' method in order to measure the social and economic impacts in addition to environmental ones. This new framework was first proposed by Kloepffer [21] , which integrates three dimensions of sustainable development into Life Cycle Analysis [22] - [27] . LCA method allows for a detailed sustainability analysis on a product basis, however they do not consider the supply chain-based indirect impacts [28] . In this context, the Economic Input-Output Analysis developed by Wassily Leontief accounts for all direct impacts inside the industry as well as indirect impacts in the supply chains, using the monetary flows between the industries involved in the economy [29] . Using the inputoutput analysis, Economic Input-Output Life Cycle Assessment (EIO-LCA) tool was developed at the end of the 90's [30] . The weakest aspect of this model is focusing on specific environmental factors such as energy usage, water consumption, and carbon footprint in single-zone analyzes [31] . Therefore, different programs were developed by Australia, the UK and Japan to analyze the sustainability by integrating economic input-output tables with socio-economic and environmental indicators [32] . Detailed version of these models which is called the 'Triple-Bottom-Line Economic Input-Output Analysis' was developed by Kucukvar for sustainability analysis of USA in 2012 [33] . The social, economic and environmental impacts of US households, public sector consumption and investment, private sector investments have also been analyzed by this model [34] .
While the input output models for single domain are widely used in sustainability analysis, global input output models are gaining worldwide importance. Multi Region Input Output (MRIO) models have become an important modeling technique for global-level sustainability analysis [35] . Several multiregional database such as EXIOPOL, GRAM), GTAP, OECD and World InputOutput Database are commonly applied global databases for MRIO analyses production and service sector [36] .
II. METHODOLOGY

A. Global Input-Output Analysis:
The input-output analysis (I-O) is used to analyze the environmental, economic and social interactions throughout the sectors inside a region or between different regions all around the world [37] . Economic input-output analysis estimates the direct and indirect monetary flows between sectors of national economies. Although singlezone input-output method has been used by many researches, there is little international sustainability analysis done by using global input-output method. Global multinational input-output method considers the territorial and global impacts of intercountry and sector trade [29] . The I-O analysis includes world input-output tables (WIOD). This comprehensive database includes input-output flows across 35 different industries of 40 major countries in the world between 1995 and 2011 [38] . In a typical MRIO model, the A RS ij represents the direct requirement matrix. In this matrix, each row indicates the total direct inputs required to produce a unit of output per sector. In other words, this matrix presents the input from sector i of country R need for industry j in country S. Here, R and S are equal to one of 40 countries whereas i and j represent one of the 35 different sectors of each country in the global WIOD database. By using Leontief's input-output theory, the total environmental impacts of sectors are quantified. For more information about the input-output modeling, please refer to [29] :
In this paper, sustainability analysis is carried out using Global Carbon Accounting Tool (G-CAT). This tool, which is developed by the Sustainable Analytics Research Group at Qatar University, allows users to conduct practical sustainability analysis. There are five steps in this model as follows: 
B. Production and Consumption-based Analysis:
This analysis enables the user to compare the sustainability impacts of the production and service sectors in concerning country. In this analysis, the emissions caused directly by the industry itself and the emissions caused by the indirect routes (i.e. the entire supply chain) are examined separately. The output of the program presented in the conclusions is the distribution of the direct and indirect effects of the carbon footprint of the construction sectors of top five construction markets in the world.
C. Global Impact Distribution Analyses:
This analysis enables the user to determine the location of the national and global impacts of the concerning production and service sectors. It explores how much carbon emissions are caused in and out of the country due to the production of any industry. In this study, it is analyzed how much carbon emission is caused in every country on the global scale as a result of economic activity of the construction sector in top five construction markets in the world.
III. RESULTS
The comprehensive carbon footprint results of the construction industry of China, USA, India, Japan, and Canada are presented in this section. Results are achieved from three different analyses of the developed G-CAT model between 2000 and 2009. These analyses were presented as scope-based carbon footprint, productionconsumption based impact analysis and global impact analysis.
A. Scope-based Analysis:
Scope-based analysis is the most common and accepted method used in reports in the business world [39] [40] [41] [42] . This analysis allows the comparison of different countries and different sectors in accordance with standards. Fig 1  displays how scope-based carbon footprint related to construction sector of leading countries in this sector has been changed. The average carbon emissions for each of these countries has been calculated in scope scale between 2000 and 2009. According to the analysis, the main emissions of construction sector is in the supply chain (scope 3) for all of studied countries. Since the emissions in the sector are more concentrated in the supply chain, the decisions made in the supply chain are very influential in the sector's emissions for all these countries. The carbon emissions produced by the industry itself (due to construction activities within the site) is significant for Japan, Canada, and USA in comparison to China and India. On the other hand, indirect emissions related to energy consumption (scope 2) is high for China and India compared to others. 
B. Production and Consumption-based Analysis:
Same as the scope-based analysis, the productionconsumption based carbon footprint (see Fig 2) , shows how the average direct and indirect carbon emissions of the construction sector of top construction regions have been changed. The direct emissions in this analysis correspond to the Scope 1 emissions in the previous scope-based analysis. Indirect emissions are shown in two parts, inside and outside the country (Global). Japan produces the highest carbon emissions directly while China has the lowest amount of carbon generated directly. The highest carbon emissions produced indirectly within country belongs to China whereas Canada has the lowest emission indirectly. This is while China has the lowest emissions released indirectly outside of the China and Canada is responsible for the highest ones. Fig. 2 also indicates the rates that each country is able to control over the carbon emissions within sector itself and its domestic suppliers based on regulations (the blue and orange areas of the construction sector in each country). Carbon emissions of both the construction sector and the suppliers inside each country can be more controlled by policies. For this reason, China, India, and USA should perform serious environmental policies to reduce the carbon emissions inside their regions respectively. This study applied global input-output analysis by using G-CAT to calculate the national and global carbon footprint of the construction industry in world top construction markets. We focused on construction industry since it is one of the main industries which has a continuosly growth worldwide. Nowadays, countries' industrial strategy is towards investing on construction sector that can deliver significant boost in economy. China, USA, India, Japan, and Canada are predicted to have the largest global share in construction market in 2020. Scope-based, production-consumption based, and global impact analyses show how sector's average carbon emissions have been changed between 2000 and 2009. Carbon emissions related to scope 2 and 3 correspond to the great portion of total emissions of the industry. The main emissions for construction sector is centralized in supply chain for all countries. In addition, emissions produced by construction activities within the industry is significant for Japan, Canada, and USA. On the other hand, carbon emissions related in scope 2 is higher for China and India in comparison to the others. Japan produces the highest carbon emission directly while China has the lowest amount of carbon generated directly. China produces the highest carbon emissions indirectly outside of construction sector but inside the country whereas Canada has the lowest emission indirectly within the region. On the other hand, China's emissions released indirectly by other countries' construction sector is the lowest while Canada is responsible for the highest amount. For Canada, with the highest indirect emission in global scale, the associated countries in its supply chain are USA, China, and rest of the world. All of these findings discover spots where the policies should be implemented not only in the construction sector itself but also in the national and global supply chain to reduce the carbon emissions. By setting joint strategies and commitments among leading countries in this industry, governments should together to have a long-term vision and decrease the carbon emissions and as a consequence to control the global climate change over the coming years. In the future research, the authors are suggesting using several MRIO databases such as Eora, WIOD, OECD and EXOBASE 3.4 simultaneously and estimate environmental footprints and socioeconomic impacts of world's leading construction markets [43] [44] [45] .
